Background : In Korea, tuberculosis is resistant to isoniazid (INH) and/or rifampicin (RIF) in more than 10% of cases. To prevent the spread of resistant Mycobacterium tuberculosis strains, it is crucial to develop more rapid resistance detection methods.
Methods : To determine the feasibility of using direct sequencing for detecting INH-and RIF-resistant strains, the katG gene, the regulatory region of the inhA gene, and the 81-bp hot-spot region of the rpoB gene from 95 culture isolates and 46 respiratory specimens were sequenced. Total 141 culture isolates were classified by conventional drug susceptibility testing (DST) as INH . Results : Compared with phenotypic DST, the overall sensitivity and specificity of sequencing were 83.0% (44/53) and 96.6% (85/88), respectively, for INH resistance, and 93.3% (42/45) and 100% (96/ 96), respectively, for RIF resistance. The rates were similar between culture isolates and respiratory specimens. Interestingly, three specimens with inhA -15C>T mutation were susceptible to INH by conventional DST.
Conclusions : Detection of mutations in the katG codon 315, the inhA regulatory region, and the hot-spot region of rpoB would be useful for rapid detection of INH and RIF resistance in Korea. (Korean J Lab Med 2009; 29:455-60) to these drugs is important for effective disease management and for prevention of further spread of drug resistant strains.
Conventional laboratory testing of drug resistance is a multi-step process that includes the isolation of strains, culture growth, and drug susceptibility testing (DST), a process that can require more than 2-3 months. More rapid results could be obtained by direct molecular testing of respiratory specimens. INH resistance is mainly caused by mutations in the katG gene, which occur most frequently at codon 315, and in the regulatory region of the inhA gene. RIF resistance is mostly caused by mutations in an 81-bp hot-spot region of the rpoB gene. The type and frequency of these mutations vary across countries [3] [4] [5] . The molecular methods used for rapid detection of INH and RIF resistance are reverse membrane hybridization, line probe assay, DNA microarrays, and PCR-single nucleotide conformation polymorphism (SSCP) [6] [7] [8] [9] . However, direct sequencing is required to confirm the presence of a mutation [3] .
To determine the feasibility of using direct sequencing for detecting INH-and RIF-resistant strains, we sequenced the katG gene, the regulatory region of the inhA gene, and the 81-bp hot-spot region of the rpoB gene in 95 culture isolates and 46 respiratory specimens. The results of the molecular method were compared with those of the conventional DST method. 
MATERIALS AND METHODS

Materials
Methods
1) DNA extraction and TB identification
For DNA extraction, 1 N liquefied NaOH, decontaminat- with a final extension at 72℃ for 10 min. The PCR products were electrophoresed on 2.0% agarose gels, followed by staining with ethidium bromide. PCR products were purified using a Qiaquick purification kit (Qiagen, Hilden, Germany), according to the manufacturer' s instructions and sequenced using an ABI 3130xl automated DNA sequencer (Applied Biosystems, Foster city, CA, USA).
For culture isolates, the extracted DNA was amplified by one round of PCR, and the products were sequenced as described above.
3) Conventional DST
For conventional DST, 46 clinical specimens were cultured on Lo_ wenstein-Jensen solid medium. In all, 141 TB isolates, including the culture isolates from respiratory specimens, were tested. DST was performed as previously described, using 0.2 μ g/mL INH, 40 μ g/mL RIF, 10 μ g/mL streptomycin, 2 μ g/mL ethambutol, 40 μ g/mL kanamycin, 40 μ g/mL amikacin, 40 μ g/mL ethionamide, 30 μ g/mL cycloserine, 1 μ g/ mL para-aminosalicylic acid, and 2 μ g/mL ofloxacin [11] .
Resistance to each drug was defined as 1% bacterial growth on Lo_ wenstein-Jensen media using the proportion method. ceptible isolates had the inhA -15C>T mutant peaks; two sputum specimens had a mixed peak of inhA -15C and T and one isolate from the culture showed only the mutant peak.
RESULTS
Conventional
Results of RIF resistance
Sequencing of the 45 RIF-resistant isolates classified by conventional DST showed that 42 (93.3%) had mutations in the 81-bp hot-spot region of the rpoB gene. The most common mutation was the Ser531Leu mutation, which was present in 29 of the 45 (64.4%) isolates, followed by the His526Tyr mutation (Table 3) . Sequencing of the 96 RIF-susceptible isolates classified by conventional DST showed that none had mutations in the 81-bp hot-spot region of the rpoB gene.
Performance of MDR-TB detection
Sequencing of the 30 MDR isolates classified by conventional DST showed that 25 (83.3%) isolates had mutations in katG or inhA or both, and 28 (93.3%) had mutation in the rpoB gene. Surprisingly, two of the MDR samples contained no mutations in the three tested genes.
Sensitivity and specificity by specimen sources
Compared with phenotypic DST, the overall sensitivity and specificity of sequencing were 83.0% and 96.6%, respectively, for INH resistance, and 93.3% and 100%, respectively, for RIF resistance. The rates were similar between culture isolates and respiratory specimens (Table 4) . in Korea, it is essential to develop a rapid drug resistance test. In Korea, Joh et al. [13] reported that the median interval from the initiation of tuberculosis treatment to obtaining mycobacterial culture results was 37 days, and the median interval from the initiation of treatment to the confirmation of the DST result was 80.5 days. Therefore, the direct testing for resistance in respiratory samples could advance the initiation of appropriate therapy by about 3 months compared to the time required for treatment initiation at present, thereby preventing the spread of MDR-TB.
Sequencing of nested PCR products was successful in all the tested respiratory specimens positive for TB. The sensitivity and specificity of this method were similar for culture isolates and clinical specimens. Recently, commercial kits employing reverse hybridization methods are also available for testing clinical specimens as well as culture isolates [14] . However, to apply the reverse hybridization method, it is essential to have the information about the mutation pattern of the genes tested in this method. In addition, re- Although the number of strains analyzed was comparatively small, the findings of this study are similar to those of other studies conducted in Korea [15, 16] . For example, the results of a study that used the reverse hybridization method showed that, of the INH-resistant strains, 65.1%
had the katG Ser315Thr mutation and 19.3% of had mutations in the regulatory region of the inhA gene, while 92.4%
of the RIF-resistant strains had an rpoB mutation [16] . Molecular diagnostic tests that are designed to target these muta- ined in this study [18] . Only three of the 16 isolates carrying the inhA -15C>T mutation were found to be resistant to both INH and ETH in our study. Further studies are needed to determine the mechanism underlying ETH resistance.
In conclusion, our DNA sequencing results could be used 
